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CRUSHING AND CONCENTRATING ORES, 



INTRODUCTION. 



I tn improvements re© nth made in the bj stem of machinery dew- 
ed 1>\ me for crunhing, sizing and concentration «•! • and the infor- 

,ii (>ll a nd expei ience gained In the course of introducing the system 
on b large scale render a new edition of my pamphlet necessary. 

It will not be oul of place to n p< at, in this edition, the objects in 
view and results] ghl to obtain viz., the production of macbi- 
nery better adapted for the concent rut i..n . supersede th< 

wasteful and imperfecl item of wet (wncentration, and machinery 
better adapted for thi work of crashing and sizing. In other words, 
the production of complete machine! instructed on the best prim 
pies, and of the beat workmanship and design wi/ir 

king, ■■ ing and t-oncentratioti ©/ ores, •<■ ■/ a simplt m 

of drying the xamt . 

'I hi.- cla*a ■>! machinery for crushing and separating ores is a novel- 
ty, I nit 1 believed thai whenev< i the subject should be folly presented 
:,i,,l understood, the very best machinery would find the readiest Bali 
In this belief I bav< en disappointed, as already 1 bare th< 

surance that the demand will justify the gn at lab md • use in- 
curredin th< ondertaking. The Lntrodn n of anj new system 
however simple or good it maj be, b (rs been attended with 

many obsl . and the introduction of unproved machinery, and the 
methods of crushin adcon< rating ores, has ] ed no excepts 
to the rule. Hut whatever doubt has existed, or still exisl is, I 
think, due entirely to a neglect to examine the Bul'j.->t. Thus r.n- no 
on< has, to mj knowled doubted the efficiency of the crushing and 
screeninsr machinery illustrated ; only the d] stemofcoi 
Iiaa received criticism, bul I bope to make the whole rabjecl 



in the following pages, that all must admit my claims to be well- 
founded and true. 

The objection raised, in the beginning, to the dry q stem, was ti. at 
the ore would always have to 1,.- dry, which would in many cas. 1,1 
to the expense, and that the dust raised by dry com-.-ntratio , .,.1,1 
prove objectionable. But it is becoming known that the advm 
of dry crashing and sizing, coupled with a simple means of dij 

and removing the ,lust, remove all the objections, and, 

><■-> crushing and sizing is practically impossible in vn w of the sup 
advantages offered in treating the same oi e in a dry state. Thedttsl a- 
plainedof, therefore, commences with the crushing, and ends with 
the sizing, either in wet or dry concentration, as the dust 
Centrating is very slight; but the dust is removed from all parts of the 

mil] as fast as made, and deposited in a settling chamber, and saved 
for subsequent treatment by means of the exhaust fan and , ,ahown 
in the accompanying plan. 

Another question some have endeavored to raise against the dry n n 
that water is them ticaUy the best medium, J shall be able to si 
" ,// "' " '" ■""'" 7 ' "" "/""'«"'. and fco demonstrate, both practically and 

11 lvh " ;ll| v- that air is the best medium, so that, not only will it be 

Been that my system of machinery is better adapted for the purpoa 
in question than anything hither to constructed, but also each machine 
po theoretically the best principles of operation. 
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CRUSHIN ( ■ 



OB PREPARING ORE FOR CONCENTRATION, 



AM» THE M v HIN'ERI BEST \l»\l'i ED rHEUETO 



An ore to be concentrated musl be granular instead of 
pulverized, and any system of crashing which diminishes 
the percentage of dust or " slimes" to the minimum amount. 

te the proper one to adopt. 
The subject will be understood by a study ofthefollow- 

ing figures : 
Ores from Rollers, crushed to pass I no mesh screen to 

the Bquare inch, give: 

I rranular -rains 88 to 90 per cent 

Flour and dust (^ which will pass screen of 

10,000 meshes to square inch) 12 to LOpercent 

And ores from Rollers crushed to pass a screen with 

inch holes give: 

I rranular grains 92 per cent. 

I )nst passing screen of 10,000 meshes to square 

inch s percent 

A lol according to Kustel (following Rittenger) wel 
crushing under stamps, through j^inch holes, gives: 

- mil 32 per cent. 

Flour 32 per cent, f ~ Q 

tx on ' t ob per cent. 

Dust ob per cent s ' 
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Again, 

" The average loss at large of poor argentiferous orea in 
concentration by water is with 
Coarse sands 40 per Cc . nt 

Middle fine 35 per (;ent 

Slimes 00 to 70 per cent 

From the above it will be seen that rollers produce in 
crushing through :i Vinch holes 8 per cent, of Hour and du>t. 
and that stamps produce in similar coarse crushing 68 per 
cent, of Hour and dust, and that the loss in dust and Hour 
is very much greater than in the coarse grades, amounting 
in wet concentration from 60 to 70 per cent.; or, to substi- 
tute (lata furnished by the dry concentration worki at Star 
Canon, Nevada, the tailings, from low grade De Soto or 
gave the following : 

Coarse tailings, per ton __ s>23 

Middle fine " « '• _ """ 'V~ 

Fine ; ' " " ™™"™"I S.0Q 

It will therefore be observed that the finest grades of 
crushed ore are the most difficult to concentrate and in 
which the greatest loss occurs, and that, moreover, the verv 
finest portion of the crushed product cannot be concentra- 
ted by any mechanical means whatever, as it is well known 
that some portions will flout in the air, and a much greater 
portion will remain suspended in water. For example : 

"Battery sands, crushed through a No. 6 slot screen, 
contain on an average oF slimes which remain suspended 
after three minutes rest in still water. 19 percent: ( Com- 
missioner Raymond^ Report of 1873. page 33l' ) 

It will not be accessary to farther elaborate the subject, 

as it is well known that concentration depends on the dif- 
ference of specific gravity, and that when ore LB Crushed 

80 In.- as practically to have lost its specific gravis con- 

ntration is impracticable. 

From the ..hove .statement it will be manifest that a 

- anuiar condition of the ore is absolutely essential toco,,- 



centra te with any degree of success, and our aim must be 

to employ the kind of machinery which will produce the 
Least amount of floating dust. 

It seems hardly necessary to explain tin- fact why rolls 
produce BO small a percentage of dust in comparison with 
that from the stamp mill, since the reason is ohvious : the 

jaw-crusher, and also the rolls, when properly applied, 
simply break up the ore, and all particles, which are line 
enough, fall immediately away, receiving no further crush- 
ing; whereas, in the use of the stamp mill, the blows con- 
tinue t<» full on some portions after they are already too 
line, simply because the manner in which the crushed par- 
ticles escape from further blows is mostly accidental rath 
than positive. The stamps may fall repeatedly on tip' 
same particles after thc\ are already line en. .ugh. because 
the splashing which the fall of the stamp produces may 
not carry such, at once, through th ■ screen. 

Aside from the fact that stamps are t<fl<dhi unfit for (he 
purpose of in>'i><trin<j ore for concentration! it is doubtful 
whether their use is advisable under any circumstances; 
hut my purpose would be accomplished in showing in 
what manner ores should be crushed for concentration, and 
the proper machinery for the purpose. I -hall, however, 
go a step further and institute ;i comparison in the matt 
of cost between the two systems of crushing, viz weai 
and tear and power consumed, in order that the question 
of economy Bhall also he demonstrated and understood. 

In regard to the wear, breakages and power consumi 
in crushing with stamps, and other features incident to 
their use I take Borne data from I'. S. Commissioner Ray- 
mond's Report of L873, page 330; and Report of lsyt. 

page 179. 

"A shoe lasts from 21 t«» 43 days on an sjgeragi 
'lays, crushing 79 tons of rock. Wear, \[ lbs. of iron } 
ton of rock. The die lasts on an average 7 weeks, crush- 
ing 100 tons. Wear, J lb. of iron per ton of rock. The stem 
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braks generally square across the fibre near the upper 
lace of the- head, and wears, without breaking .bout 60 
weeks, crushing 86-1 tons. When the irons are new and 
of fine qnahty, the breakages are rarer, occurring, perhaps 
but once ,„ 120 weeks. The rewelding, inclnding tl 
necessary new iron, costs on an average $10 The stem 
as well as the cams, las. at least ten v,,„>. The battel 

^igs last «x months. The tappets fi«m two to three 

It is seen, therefore, that shoe and die crash on an 

-erage 89J tons of ore, and the wear M",,,.. im J , ' , ' 
and d,e average 1J, bfm t „ 0i , ,. /W/< JJ f * 

about fof ft. actual weight of shoe and die . womU 
>->■ So, taking mto account the portion ca>, aside with 

« portion worn, the consnmption of iron , , „," 

IDs. per ton of ore crushed. 

Again the data furnished by Prof,-.,, Tri,,p,| ,;„„„, 
•» Comnu^doner Raymond'. Report of wfiL m 

supply reliable statistics of the wear nf , ' 

crushing hard quartz: ' ° f ***** when 
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January. 
February. 
March. n 

-April 
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July 

Ai. 
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October. ... y 
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DURABILITY OF STEEL CRUSHING ROLLS. 

Regarding the durability of steel crushing rolls, although 
but limited data can be furnished, as their introduction 
of recent date, yet the data furnished indicate clearlj th 
due and economy in using >teel rolls. It was found, 
after crushing 2,000 tons of hard quarts at the dry Con- 
centrating Work- .it Star Canon. Nevada, employing two 

seta of steel rolls, that their feces had worn one-quarter of 
,111 inch, reducing the diameter of the rolls one-half inch. 

The steel tires are 26 inches in diameter, by 15 lace. 
and 2\ inches thick, consequently — 

i inch wear on each tire equals ~ s -< " : - 

\ inch wear on. four tires " 34- lbs. 

Therefore, in crushing 2,000 tons of hard quartz, 342 
lbs. of Bteel were consumed, equal to ,',;, lbs. per ton of 
quartz crushed. At the same rate of wear the tires of two 
sets of rolls will crush 13, dim) tons of quartz to pass through 
a Id mesh creen to the linear inch. 

As the tires <lik«- Bhoes and dies of stamps) cannot I 
entirely worn out, in the above calculation 1 have allowed 
648 lbs. as the weight of metal not worn. This added to 
the actual wear will amounl bo J of a pound per tonol ore 
crushed. 

Therefore, in wear of crushing faces, the 1 1 unparison will 

Stand as follows '. 

[n the first example, Btamps require 3 lhs.nl* 
metal per ton of ore crushed, which, at 6 
cents per lb., equals 18 cents. 

Ami in the seroml example, as furnished by 
Prof Trippel, the cosi per ton for crushing 
Austin ore is s~> ■ •••nt> 

Rolls require .,', lb. of steel per ton of ore 
crushed, which, at 16 cents per lb., equals, 
but not quite , 4 cents. 
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Of the steel roll* need at the Star Canon Mill, before re- 
ferred to, Superintendent T.G.Negus says: The rolls 
have worn better than I had an, reason to expect En 
working about 2,000 tone of ore we have turned them but 
once and there is not to exoeed J inch worn awaj I 
would judge a set of rings vrould be capable of working at 

least 10,nou tons of ore." 

ft will be within bounds, 1 think, to estimate that the 
fares of two sets o steel rollers, of the size mentioned, will 

be capable of crushing 12,000 tons of quartz fine , ,, 

»£-"-»•** 1(M > W- to the square inch, and of L 
oHess hardness the same tires will crush at leas! 20,000 

It will also besdmitted that the breakag and the power 
consumed m doing the same amount of I fc> v « , , 
greate, -with stamps ttan with crushing rolled ' 

m the. a-,.„f stamps, probably not more than half the 

P-er 1M,«,„ W ,1 in use,„l ,n,ct; ,br example ll it 

;::;; °'l ™ e *^ in running the stamp! ££ 

crushing any ore or not, and this, together witt ,|,, 

^ * e ^P" must &U part of the time on i ,. , , 

?f often onore already fil g h, shows cuXtS 

tpnn,,,,,, ,,„„,,,,,, the stomps ope rate kdeK 

;; 1 ;; t V as, ' , ;''r ,lk ^ tk '> • « « > .. 

•;«■'-! it ... overcoming the friction of the 

< ^^^^^w^t " 

A .few additional wo,,l.„„fi '" ,g,1 " ,, " r '■'«"-•■ 
«>«nd ler : thehearor^Lveto , ^ JOfroU8Wi,,be 



intrm"/!// a!!!/' r' y /,f ' "' b <'' 2>>t/t. 1S7<> I <- « 
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CONCENTRATION OF ORES. 

Tin* mechanical concentration of orea is entirely baaed 
on difFerencea of specific gravity, and the subject to be con- 
sidered is the best means, practically and theoretically, to 

render available, for the separation of minerals from their 
accompanying gangue, whatever difference of specific gravi- 
ty may exist. 

Opinions differ, e n among the learned, in regard to 
the process and the kind of machines best adapted for the 
separation of ores, and whether air or water is the best 
medium, since orea cannot be concentrated except through 
the agency of some fluid medium which offers resistance 
to the force of gravity. No principle has yet I n di 

wered which is better adapted to the separation of min- 
erals than the intermittent and impulsive action of some 

fluid medium on the crushed ore. The best results thus far 
obtained are from machines know n as "jigs, 11 winch employ 
the above principle. 

The reasons why intermittent impulses (of B fluid 

medium), caused to act on the bed of crushed ore, prove 
more effectual in separating the minerals contained in it 
t ban do other methods, is found in the facts, viz. : — i 1 > The 
ore ia in this waj subjected t<> repeated liftings and fall- 
ings before passing from the machine; (2) The particl 
meanwhile eonstantl} change position, so aa to present the 
most favorable surfaces to the action of the medium ; (3) I" 
well-regulated "jig* the impulses are given suddenly, hav- 
ing the effect to impart to the ore a succession of quick and 
sharp blows, lifting the lighter particles of gangue more 
Freeh than the heavy mineral; (4) The action loosens 
and stirs up the mass of ore, and so favors, t<» a small de- 
ree the gravitation of all heavy particles to the bottom, 
and the forcing to the surface, at tli imetime, the lighter 
material. 



[2 



Sun.lar results might be obtained , in sepan, ,ion of nut 

" L .T •- r ore p,,rticles were «" — •—'-■ 

shape by throwing them with great velocity, so as to send 
hem,, ute a distance. It will be understood that the hea, ier 
he parttcles the greater distance th,,v will be thrown : and 
the greater the projecting force, the greater will be the 
^taneeofthegangae from the mineral If £ , V1 \ v 
ta -olence,the nearer together will the ore and ^ 
I. On the above prtnciple, the machine spoken of ac«L 
v*. At each unpulse of the ore by the iluid medium the 
^ngue, or ighter portion, is lifted further or WgheTt'b^ 
*"»"£.« heavier portion; and, bv the *£& 

The next branch of the subject which I will consider is 
whether an- or water i 8 the best medium. 

* a liquid of a spa „,.' Z^tlr -'/'"^^ 

q"*'t* would ivn.in H ' , ■* «v.,l«,i that the 

^enawoddbTfounaar^K^* 1 *"> " hile «■ 

that pieces consisting nariW. ' '"' ,; """ J 

- ■< *W^SSSCKC5 
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would remain floating, because it would be practically im- 
possible to separate the minerals entirely by crushing, and 
fulfill one condition of our problem. It is evident, there- 
fore, that if, even in the most favorable condition we can 
possibly imagine, the mechanical mixture of the ore is such 
thai we can never divide it into pieces eon>i>tin- entheU 
of one mineral. We cannot hope, by the ordinary appli- 
ances of dressing ore, to be able to achieve perfect results. 
Worthless and valuable mineral can never be entirely 
separated wln-n they occur mixed together in an ore. 
* * * u Water and air are the most convenient and the 
cheapest media in which separation of ores can be mad 
and both of them have heen employed for the purpose 
The specific gravitj "t" water, however, approaches more 
nearly to a mean between tin- -j»«ci(ic gravities "i ore ami 
the accompanying gangue, ami offers much more resist- 
ance io the action of gravi t;i. and lor these reasons it has 
generally been preferred to air, except for the dressing 

of certain ores." * * ' — U, s ' Commissioner Ra \a 

Report, 1878, pages HI and 128. 

It is assumed that the only difficulty in the \\a\ of 
making a successful separation of ores, by means of a liquid 
of intermediate specific gravitj arises from the fact that 
"it would be practically impossible to separate tin- mineral 
entirely by crushing, 1 etc., whereas in the firs! place the 

whole theory is fallacious; and in the second place, if the 

theory were correct, the irregular -hip' of the grains 

would make the separation of ores h\ BUCD a medium im- 
possible. To demonstrate the fallacy of the theory, I will 
note a few examples, viz.: Cubes of lignum vita' (speci- 
fy gravity 1.333) will readily sink in water, while flat 
pieces will as readily tloat, Again, small cubes id* pure 
gold and also of platinum will ilo.it on mercury. Mercury 
possesses n specific gravity of 13 580, gold 19.361 and 
platinum 22.069. Another example where b denser body 
will tloat on a less dense \»A\ i> the caseofcasl iron 
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Ity g of°: b ";° Iten T ; f * *> ,ile -" k ™ ^n. 

foce of a 1 a "T Wh6n fine1 ^ divided <o He on the >,„- 
'ace of a liquid of less specific gravity 

bo I think by these facts it can be demonstrated that 

ct"t , ,UI r a ' e th ° l6a8t SuUed M B "-limn for the o 
greater differencTtL i •^^ S '' avity ' * hich " l 

ZZZ 5 orTTT? of a I 688 deD8e mediumfi * «s 

report of C ' -^ '' UOte a P"W* &« same 
«K ° U & - Co >»»"'-->".iier Raymond, of 1873 oas , 4*0 
•trom a coiaDarismi „r n,„ *• ■_ ' ' » 4d - 

^Kl absolute w,i,,r , ° bt ' tWeen ""■ «*■"• 

'<-«. in ; ;:' ,ia M . !"S 8 P h *™ ., galen, and 

*3 u,,„ ; , ' ' ,' t "J be -e» *- in order to 
centration. , p r J*J fol \ eithe ' wet or dry con- 

the dry pro,- Z' th M *;'< r P-'t.ch, ,I.v i 8 tllis t)le case 

i" S bodied .,;„,";, ;"r ,iw in *• *• *.*i &u- 

'''•"'"-'tor, contains 68 ti,„ J 1C ' '^ M ^ j " 

time- as much as, ,ie , " ne ' an ' 1 •»«" 28 

d>ameter, contain U times ,,, ' ?»*""• « '•"^ in 
«>*»<* much. hl£i , ^?«l** 

0f *^ Hingis at ; c e^^ 6r ' theimp0rtance 

-ttas^l^^^ 8 ^-"^^ 

'mtpraetic,,,:,,,,,,;; ^ | ;:; | -e, r ,uin, () ,. tl , ;ln; , il . 

to >* *eca« and l.,i? " ?«"*«* reverse 

«> illustrate this theoreticaU, I ' . , 
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tubes I filled with water ; through the other I forced a 
jgulated blast of air. I ibund that, practically, as above 
stated, | inch globule of galena, and J inch globule of 
quartz, fall in equal time in the column of water. But 
when the blast of air was regulated to retard the galena 
in falling to the same extent as water, then the I of quartz 
WHB sustained by the blast of air, and did not fall, while the 

ilena fell as rapidly as in the tube of water. I also em- 
ployed bodies of other forms, such as shown in the cut 
marked 1, 2 and 8. 

In experimenting with these I regulated the current of 
air in the air tube, to give the same resistance as water 
would to the falling bodies of equal weight and size, so 
that when I let fall two of equal weight and size 1 1 and 
2), one in the water, the other in the current of air, both 
reached the bottom in equal time. I then let fall No. 1 
and 3 in water, and when No. 1 reached the bottom, No, 

; was about 10 inches behind; and next I let fall the 
ame No. 1 and 8 in air; No. 1 fell in the same time in the 
air as it did in the water, but No. 2 did not tail at all. 
Thus demonstrating that instead of less margin, we bav- 
in air a much greater margin for separating ores than in 
water. Before making these experiments 1 expected I 

find a margin, for separating ore-, in favor of air, but did 

not anticipate it would prove so great, But the experi- 
ment proved that [ globule of galena, and J of quartz, which 

are equal filling in still or moving water can be separated 
bv air. The results correspond exactl} with the results 

obtained in practice— viz., that with less sizing, better re- 
sults can be obtained with air than can possibly be 
reached with water. It should not, hom \ need the experi- 
ments just related^ to prove thai air is the supi "nn, 
for it should be underst tod by Bimple reference to what is 
already admitted In regard to the theory of concentra- 
tion—viz., the requirements to effect separation are, Brsl 
differences of specific gravity j second, a proper agitation 
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of the crushed ore by a fluid medium, go M to force the 
lighter gangue to the surface, and allow the heavier to 
Muk or remain at the bottom. 

I need only discuss the latter condition. 1/ air won/./ 
not property ajitate or lift the ore intermittently, then air would 
be out of the question. But air is made to act upon the crush,./ 
ore so as to suspend it intermittent/;,, in rapid succession, or 
continuous bast w ill carry all before it, just us u strean, of 
watery Therefore tee have in air a modi wh Z „.}„ 

and It the ore. and. on account of its small density, the Z can 
he 1,/ted and allowed to subside from 420 to ,o () Hmt ] "J 
mrnute a,,,/ does not like water, afford a current or stream 
cient to cor,,, away the miner,,/. "' 

Another fact may also be properly mentioned, which is of 
some mportance-**., that dry ore part/c/es in the oporZZ r 
erratum M by each other more/ree/y. that is . J lh JJ ' 
<«°» »~*m they do in water. This may he prwedTy 
notmg the angle at which a pile of dr/ore ^U ^t k 
"jr-Hndth e same o« in wate, Dry ore, Ld between 5 
and 20 mesh screens (to the linear inch , rests in air ,. an 
angle fW,m base of 35} degrees, bnt in Lter at 2 d, n 
teeper angle. If „, ore in „, lter ^ ™ ; - 

ore, the buoyancy of water would cause th, ' 

^at a Wangle in water, J^^ZT** 

By reference, again, to the quotation made i v 1 1 M 
seen that the ideas given, that s^tionH* to ££ 

lerence in time of foiling of the mineral ..„ I 

^impnl ■ lift, •hL.Tl'SSS t£T? ^ 

Blight, if any, t it , t r '" ""' "" ■'" 
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tarda separation by limiting the lifts to 120 per minute, 
;i ml as I have already shown, in other respects is the in- 
ferior medium. 
But a still further illustration of the remarkable differ- 
, c in favor of air asa concentrating medium is found in 
the fact that the air jig concentrates successfully all the 
crushed ore except floating dust; that is, all that is not of 
; . grade finerthan about ,',„ part of an inch in diameter is 
successfully treated by the air process. In practice, at 
fust. 1 employed a Bcreen of 10,000 holes to the square 
inch, to takeout the dust. All the granular particles up 
to H),0iM» to the square inch are readily concentrated, but 
hitch' it is round practicable to employ gentle currei I of 
air to remove thedust,so that all grains up to at least 
part of an inch go to the separators for concentration. 
But with water it becomes difficult to concentrate, with the 
jigr finer grains than .,' of an inch (ora 12 mesh screen). 
In several testa made in concentrating unsized ore — 
ranging Prom such as delivered through an * mesh screen 
to the finest slimes or dusl 1 have (with Gilpin County 
Col., M«,irl ores) found that ton per cent, of the concentra- 
tions would pass ,i screen of loo mesh, or L0,000 holes t 
the square inch, and much of which amount, of course 
would pass :i considerably finer screen. Set nil the 
mineral particles, so greatly differing in size can byairto 
concentrated at one operation, in one pile, ami the gangue 
in another— farts which establish conclusively, and beyond 
contradiction, thai the rule applying with water does not 
meet the case in dry concentration. Nevertheless, for the 
best results sizing is indispensable, and I recommend the 
adoption of three or four grades. 

So that, Looking at the subject in every point of view, 
everything considered, both as tothe results obtained prac- 
tically and iu a theoretical point of view, ail- is shown to 

possess superior advantages as a concentrating medium 
over that of water. 
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Superintendent T. G. Negus has furnished me the fol- 
lowing reliable results of working three different lots of 
ore at the Dry Concentrating Mill at Star Canon, Ne- 
vada : 

66,800 lbs. of ore from De Soto mine, Assay $72.24. 

Total $2,412 81 

Mineral Xo. 1.-1,013 lbs. -Assay. $ 722 71.. $366 04 

" Xo. 2.-1,092 " « 1,187 57.. 648 40 

" No. 3.— 515 " " 1 ,204 54 .. 305 35 

Dust from Bin, 11.998 " " 138 17.. 828 88 2,148 67 

Or 60.05 per cent, saved. 
38.150 lbs. Sbeba ore— Assay value per T., $56.72. 

Total $i,08l 93 

Mineral No. I.— 1,072 lbs.— Assay, s jji oo..s2a»; 41 

" X... 2.-1,077 « « 550 86.. 301 48 

" Xo. 3— 664 •■ « 780 40.. 251 28 

Dust from Cham. 2.881 " « !•<;.>;.. |: : :m,, : . ....:.•>•„>»; 

Or 86 per cent. Baved. 
3,260 lbs. Seminole ore— Assay value per T.. >i.-j. 

Total $7 8^ 

Mineral Xo. i.— 55 lbs.— Assay. $ 32 32.. $0 88 

<• Xo. 2.— 40 " « 86 87.. 2 12 

" No.3—48 « • 135 10.. 3 24 6 24 

Oi BO 17 per cent, saved. 

Mr. Negus says : « I enclose the results of working three 
different lots of ore— one from De Soto, one from Sheba 
and one small lot of very Low grade ore from the Seminole. 

Tlus I send, not that it ifi really of any practical a alue, but 

to show how very sensitive the machinery is in taking out 
the mineral where there is only the very smallest amount » 

The De Soto and Sheba are the onlv mines in Star 
< anon winch furnish any ore. The ore^ are antimonial 
silver mixed with black sulphurete of silver, a class of ores 
exceedingly difficult to concentrate with water 

In To,,, wall the concentrated tin ores contain all the 
copper, iron ami arsenical pyrites. This concentrated 
oduci ischarged into a reverberatory furnace and ,<>a>ted 

f0r ? e P ur P ase of oxidizing the arsenical and sulphur 

combinations m order to change the specific gravity The 

asted ore is again concentrated, and sometimes if theore 
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l- very impure the roasting and concentrating is again 
repeated. 

With air the concentration of Cornwall tin ore is effect- 
more completely without roa ■>,. 

Also, zinc blende is separated from galena with ease and 
rapidity. 

Kryolite from spathic iron : 
Specific gravity of kryolite 'J.!> 

u " spathic iron 8 

Also the various sulphurel ores of silver, zinc, copper 
and Colorado gold ores are concentrated with a very small 

loss as compared with the loss following wet concentration. 

Rmery from quartz or iron "re. 

I ' >ffee from stout . 

Iron pyrites or nickel ores from hornblende. 

Diamonds and other precious stones from sand, quarts 
gravely etc., and many other substances which have too flight 
a difference in specific gravitj to be separated b\ menm of 
w ,i ter. 

/// addition to tfo advantages i aving a larger percentage oj 
the ■ ntainedin svrli -res an have hereto/on been concert 

I rated hy m-'insoj water, tin successful separation or cone 
tion of thosi ir/iirh rrnfrr rumntt (nut, and the greater rapid 

centration, may be mentioned the greater nd 

simplicity secur* d in the USE of aim as tin ■ one* Titrating mi dium , 

1 should have had lor insertion in this edition extendi 
tables of results by the dry process, but obstacles have pre- 
vented me from obtaining oper tables of work done 
the 3&\ eral mills in operation. 

In ;i few months, at farthest. I will be able to eive 
results obtained by the dry process in a varietj cave-. 
The satisfaction afforded, liowever, will be incomplete 
without having the results of wet concentration to ffer in 
comparison. No reliable data exist to my knowledge or 
can be obtained, of recent results in wet dressing, as no 
parties practicing wet ore dressing are willing to publish 
their Li In ao me cases, no doubt, the percentage of 
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loss in dry concentration will be greater than the results 

furnished by Mr. Negus. Then, again, in many eases, 
the losses will be less. The following example will 
illustrate the benefits following from dry concentration : 

TABLE I. 

Cost of concentrating 5 tons of ore into one ton. at .$2 per ton ||0 00 

Cost of smelting one ton of concentrated ore $35 i 



Total cost of reducing ."> tons of ore - i;, no 

Cost of smelting 5 tons of ore at $35.. si::, no 

A. difference in favor of concentration on 5 tons of ore of 1130 00 

Hence, on 50 tons of ore per day (the work of one mill) fi..-jno on 

An-1 on the total work of oneyear of 300 days, asavingof $39 1,000 00 

Continuing the comparison between the two methods to 
the practical results to he secured by adopting the plan of 
dry concentration, I will assume that we have an ore of 
which the assay value is $100 per ton, and that a con- 
centration of 5 tons into 1 is effected. I will allow a h^ 
of 10 per cent, in concentration, while it will he fair to as- 
sume, again, that when the deleterious gangue rock is re- 
moved, the one ton of concentrated ore can be smelted or 
otherwise treated with no greater loss than 5 per cent. 
Accordingly, bringing in the aid of concentration, we shall 
have the following : 

TABLE II. 

Original value of r> tons of ore at *loo per ton s;,oo 00 

Ci ; concentrating 5 tons into l. at $2 per ton $10 00 

L of 10 percent, in 4 to„s of tailings ->o 00 

Cost ofsraelti etc., I to,, of concentrated ore '.".* :'>.-, no 

Loss in .smelting of 5 per cent, of coneentrated ore 22 SO 



Total cost of treating 5 tons of ore 



- 1 1 7 50 



Amount left, over co of reduction 

WITHOUT CO . 1 1. a ii-.N. 

melting, etc., 5 tons ol ore, at $35. $175 m 

50 «tii 



i-J :,o 



I- 1 -- "I' 10 per cent, on .") tons 



$275 00 



T( ' treating r, tons of 01c $225 ui\ 

Amount left, over co of redaction 

L difference in faror of fin ucentrntiug on 5 n 1 si07 ;,',, 

The above table will enable the reader to judge of the 

comparative cost of the two methods of treating ores. 

























I 



■ 



■ 

ft 



m 



I 









Krom's Laboratory Crusher. 




Ftv.Z 




»*O19VTH0triAh(K Q> *r n—*ts ««„, 






21 



I ask attention, also, to the very important considera- 
tion, that without the means afforded us in the pi <>.-.■-- <>f 

dry concentration, thousands of tons of low grade o 
and vcrv much of a grade not the Lowest, must inevitably 
be w asted 

Dre, in his article on the dressing of ore-. Bays: "It is 
nut possible to ascertain the value of an improvement 
which would secure an additional one per cent, from the 
quantity of ore) Btuff annually sent to Burface from the 
several mines in the United Kingdom; but it" it be reck- 
oned only upon the sale value, it would be scarcely le 

than £40,000 |»<T .1111111111.*' 

A system of dressing ores such as dow described, not 
to mention the greater rapidity and cheapness of itsappli- 
itiun, would realize, in the average, at Least, I believe, an 
additional 25 per cent from the quantity of "ore) stuff 
raised, and the money vain.- of such saving would amount 
to millions a year in the United States alone. 
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KROMrS LABORATORY CR1 SHER. 

The annexed cut represents a Crusher for Laboratory 
use. 

In this machine i unlike any other) both jaws oscillate on 
centres, fixed Borne distance from the crushing faces. 

The principal feature is the employment of Moments of 
circles, between which the ore is crushed on the same prin- 
ciple as rollers act. 

It will be Been | Fig. 2) that the lower end- of the crush- 
ing plates arc true segments ui" circles, and throughout all 
the movemenl of the jaws they remain at fixed distane 
from each other, hut the tup [tart nf the plates recede from 
each other with straight lines. The crusher can be adjusted, 
by means of the bolts, so as to produce either tine or 
coarse crushing. 

It is the only machine in the market adapted for Labor 

tory use. 
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In a few weeks I will have large crushers to offer for 
general use, but especially adapted to crushing ore. 

It will be constructed on the sectional principle, and pro- 
vided with parts which will yield when undue strain is put 

upon the machine, and thus prevent any breakage. 

ROLLERS, AND THEIR EFFICIENCY AS ORE 

CRUSHERS. 

Before describing the Crushing Rolls, shown in the ac- 
companying drawing, I will add, as before intimated, some 
more facts regarding the efficiency of roils for crushing 
and the qualities desirable in them. 1 speak of the rolls 
as more applicable for completing the crush in of the 
as it comes in small pieces from the Jaw Breaker. For 
such purpose no other style 01 kind of machine can be 
equal tothem, when properly constructed since, first of all. 

any rolls not only bring into contact, within a given space 

of time, the largest amount of crushing surface but also 
present this in the best manner to the material. 

The efficiency of any machine for the crushing of ore de- 
pends, in general—; -fint^ on the condition in which it Leaves 

the crushed product \HCondly i on the durability oi the crush- 
ing surfaces ; and thirdly, on the rapidity with which it will 
perform the work. Rolls, by acting not to «, but 

simply to break uj> juiclif, the previously divide! material. 
leave the latter in the best possible condition for concen- 
tration, while they present surfaces as little liable to wear 

rapidly or unevenly, as .-my other form of crushing lace> 
and the movement being continuous and rapid in one di- 
rection— so that there is no lost motion — the result is to 
secure crushing of the largest amount of ore, m a given 
time, and with the greatest economy. 

In a similar manner to that which the jaw crusher 
operates, and so effectually, on large pieces of ore, so do 
the rolls act on small fragments; namely, as fasl as th< 
material becomes reduced line enough to pass — between 
the jaws, or in the small space left between the fhcesof 
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the rolls — it immediately Tails away, and receives no fur- 
ther comminution. Not bo, however, with the stamp 
mill, which continues to crush long after a la portion of 
the particles are already too fine; because, in it, the fine 
material escapes from the action of the stamps rather by 
accident than by any positive and certain means. 

I will also call attention to tin- superior qualities in 
Rolls not found in the Jaw I Irushers. 

On referring to the annexed cut, represents i portion «»t 
a Jaw Crusher, it will be understood that all the ore must 
pass through the narrow opening at the bottom of the jaw 
and the principal wear is at this point. It will be near 
enough correct to say, that the last inch performs the final 
crushing before leaving the machine md that the principal 
wear of the jaw is as indicated by the irregular lines 
Assuming, then, that the last inch of the jaw controls tl 
quantity delivered, we have, in a crusher 7x10 at the de- 
livery point, l'» square inches, and this multiplied bv the 
number ofhites per minute, viz., 250, makes 2,500 squa 
inches per minute of surface at the limit of delivery, 
marked D. Calculating tin' §ame for rolls, we have in the 
circumference of 2{5-inch rolls 81 J, inches ; this by 15 inches 
the width of the face, equals 1,228 square inches in the 
surface of the roll, and this by the number of revolutions 
per minute (50), amount* to 61,425 square inches of crush- 
ing surface per minute in 26-incb roils, as inst only 
2 d00 in a jaw crusher of 7\ 10, running 250 revolutions per 
minute. Then, again, hut a small proportion of the ja* or 
jaw plates can be utilized, as shown by the irregular line, 
viz., less than j of the weight of the metal, whereas, Bitch 
rolls as herein described, over 80 percent, of the steel tiret 
is utilized. Ir will therefore be quite apparent that in all 
where the ore is not larger thansaj 1 inch in wze, 
rolls should be used in preference to any other machin< 
and for verj extensive operations, the employ ment of rolls 
capable of taking pieces larger than 1 inch would be more 

■ momical than jaws. 
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Great economy, not to speak of other advantage will 
be found in employing rolls of considerable size; Bince not 

only do such present the best form of surfaces for acting 
on the ore, but with them, also, the renewal of the surfao 
will be less frequently required, on account of the large 
amount of material in them to wear upon, and thus tim- 
ing will be less frequently required. 

The improved Patented Rolls, the employment of which 
I recommend, and which are herewith illustrated, may be 
described, briefly, as follows : 

(].) First in importance is the improvement in the 
crushing faces themselves. These consist of steel tires 01 
rings, manufactured expressly for the purpose. It is confi- 
dently believed that these steel crushing faces will continue 
to give the greatest satisfaction, because the material made 
use of is moie tough and even in its texture than an\ her< 

tofore employed for the purpose, and the wear of the faces 
consequently, more even; and when, in the course of time, 

these do become worn uneven, the steel 18 not, AS is the 

case with chilled surfaces, so hard as to prevent its being 
turned true again. The steel tires described are fitted to 
inner rings, or hubs, as clearly shown in the drawing, and 
with the aid of the tool .see I'ig. 3 and 4) Tor keeping the 

rolls true, they may be worn to J inch in thickness b< e 

being cast off. 

^ Chilled or hard rolls, when (as they will become in a short 
timet uneven by use, must be thrown aside, and thai al- 
though but a small part of the thickness has been worn in 
actual service j and since the rings must in any case be 
about 3 inches thick, to have to cast them aside, because 
already too uneven for further profitable use, when only 
about J inch of the surface has been worn away, isei identlj 
to subject the o] tor to frequent and very considi ble 
expense and delay. And so it will clearly be seen that, 
h\ the employment ofany material that will Last equal to 
chilled or Franklinite iron, at the same time that it allows 



Fig.l. Side View- 

Kroms Steel Rolls for Crushing 
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of turning true when uneven, and admits also ol being 
worn quite thin before being cast aside, a really consider- 
able margin is at once Becured for the introduction, at the 
beginning, of crushing faces that are in themselves more 
expensive. Therefore, although the first cost of steel i 
i« greater, there is great economy from their use. Still 
another point here, which should not be overlooked, is the 
Iltct of the great disadvantage of employing any material 
(such as chilled iron) thai in wear must go from bad to 
worse in unevenness, until wholly unfit for use; that 
being obliged to use an imperfect roil for ;i long time be- 
fore it can be put aside as entirely worthies* 

(2.) The second improvement consists in the employ- 
ment of steel Bhafta of large diameter, to prevent any spring 
or bending of the journal, and also to give a large bearing 
surface, for enduring the great pressure on the journals. 
The shafts themselves, in the twenty-six inch roll, ar< 7, 
inches, and the journals 6] inches in diameter by 14 inch 
in Length. 

i '..) The improve in mt next to be considered is in the 
manner of gearing. Each of the rolls is driven, indepen- 
dently, by two 40-inch gear wheels ; which, again, receive 
their motion from two 13- inch pinions ecu red upon the 
main shaft : one of the latter, that is to say, driving the 
40-inch wheel on one side of the machine, and the oth 
i in the opposite side, through an intermediate wheel, driving 
the second 10-inch wheel. The intermediate wheel, seen 

in Fig. 1 helnw and at the right, turn- oil a heavy pin, 

which is so arranged as to allow it to he lowered at 
pleasure. Accordingly, when the rolls wear, upon drop- 
ping the intermediate wheel, the movable roll (that to the 
right in the figure* can he drawn tov I the fixed one 
(that to the left) h\ screwing up on the tie-bolts ; and, 
the rolls having been thus again adjusted, the intermedia 
wheel is then also adjusted t«> mash properly with t 
large wheel The lel't-h ui t r >ll, re n. iming stationary, is 
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consequently at all times in proper gear; so that, by being 
able to adjust the right-hand roll, we Becure perfect fitting 
gear in all stages of the wear to which the rolls are sub- 
jected. 

( 4. ) Another advantage is secured in the use of the east- 
won cups, which I have provided, placed under the nuts 
or heads of the tie-bolts ; so that in case any undue strain 
should occur as from the falling of iron, etc. between the 
rolls, these cups will first break, and thus prevent accidents 
otherwise possible, in the way of straining or fracturing 
of some important part of the machine Duplicate cuj 
also are provided for such an emergency. I deem this an 
important improvement over the employment of rubber 
springs and weighted levers; since, while accidents are not 
wvy liable to occur, we by this means secure eveni 
crushing, and save in time by crushing the ore at once, 
instead of being obliged to pass and repass through the 
rolls the same material ; but when considered advisable 
springs may be employed, as shown in the figure*. The 

importance of having rolls immovable when - 1 their 

regular and legitimate work, and also having them as true 
as possible, will be understood when we remember- that 
all the ore which passes the rolls not crushed fine enough 

must pass .,ver the screen and return to the rolls again— 

perhaps over and over again. Ofcou* my unevenness 
moving back of the rolls allows the material t. 

untouched, and the screens, which are the most expensive 

ep in repair, are worn out for no purpose, a- well as 

the mill generally. The fact is, the very best machinery 
- crushing, and also for screening and concentrating 

«nUi the very best mechanical skill to operate the same, 

will be sure to pav the largesl dividends, 
(5.) The wrought-iron tie-bolts (plainly seen in the 
I take all the strain due to crushing- the ore thereby 

securing the greatest strength with the 1< weight. 
(C) The wxtb improvement consists in mounting the 
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whole machine on a substantia] cast frame, serving in a 
manner to render the machine complete within itself. 

\r\ addition to such improvements in the machine. I 
have provided — to be attached to the latter — a slidereat; 
this, whenever the steel rings become worn uneven, is 
brought into use for turning them true again. The ar- 
rangement, an<i mode of applying, are indicated in tl 
drawings, Figs. 3 and 4. 

To Bum up: what I can justly claim in favor of these 
Rolls is, briefly, as follows : 

1. The steel crushing faces, and manner of securing 

them. 

2. The heavy steel shafts, with composition boxes. 
:j. The adjustable gearing. 

4. The wrought-iron tie-bolts, and breaking cups. 
•V Driving each Roll independently of the other. 
(>. The lame hearing surfaces of all the journals. 
7. The steel driving shaft. 

5. The mounting of the whole machine on a substantial 

line. 

9. The slide rest, for turning the rolls. 

These Rolls are accordingly offered as furnishing the 
ninM complete and finished machine, of it- class, now 
manufactured and in the market. 

SCREENS. 



The plan of ///// sort is that which I bave adopt- 

ed, as best suited l*<>r the wrork to be performed . and per- 
haps the only features particular^ requiring notice, in the 
department of Bcreens, ire those in respect to their sys- 

matie manufacture, and the adaptation of all their parts 
to the sizing they are intended to effect. 

The screens are made Larger at one end, in order to g 
the proper incline for discharging the ore, while allowing 
thi baft to he placed horizontal By having the Bcreens 
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themselves cone-shaped, and the shafts accordingly hori- 
zontal and parallel with each other, the important advan- 
tages are secured of rendering it convenient to drive in the 
ordinary way by belts, and also of the facility of driving 
one shaft by the other — an arrangement shown in the Plan 
of Mill, where the lowermost one is driven directly from 
the main power, this in turn made to drive the next, and 
so on. 

The bearings of these shafts, as with those throughout 
the Mill, are self-adjusting ; so that, in case the shafts 
spring or become out of line, the boxes will still bear truly 
on the journals. 

To prevent clogging of the screen, I have arranged ham- 
mers or weights to slide on bolts hanging inside of the 
serf, i, as represented in the accompanying drawing, and 
the action which is to jar out particles that may have stuck 
in the meshes. A light blow on the top of the screen 
serves best to loosen and throw out any particles sticking 
in the meshes, at the same time that (owing to some 
elasticity of the frame as a whole) it affects less the lower 
portion — as is desirable it should do, since whatever jar 
the screens receive when at the lowest point is likely t<> 
fasten the particles only the more firmly. 

Rubber cushions or springs placed on the end of the 
bolt next to the screen soften the blow of the hammer at 
the lower side of the screen as shown in the cut. 







DESCRIPTION OF THE DRY CONCENTRATOR. 

The first plate accompany ing this description is a per- 
spective riew of the Concentrating Machine, entire : the 
second is a transverse sectional <iew. 

The machine is composed essentially of the following 
parts: A receiver (H), to hold the crushed ore; an ore-bed 
(0), on which the ore is submitted to the action of air; 
the two crates (G G), one to regulate the How of ore from 
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the receiver ( H. > the other to determine the depth ol ore 

on the ore-bed; a passage (C) in which the concentrated 

ore descends, and roller ( R) to effect and regulate the dis- 
charge of the same ; a fan ( B i to give the pufts of air ; a 
trip-wheel \ T i, lever < L i, and spring i S >, to operate the fan 
and a ratchet wfm-l ( \V), and panel i P), to imparl revolu- 
tion to the roller i R). 

The mode of operating the machine is as follows : Ore is 
placed in the receiver 11). and the driving pulley set in 
motion. The trip-wheel (T ), fixed on the opposite end of 
the pulley-shaft, works by its cam-shaped teeth against the 
lever (L) ; and by the alternate action of this wheel, 

rcing the lever inone direction, and of the spring, which 
;it once and suddenly carries it back again, the fan (B)is 
made to swing on the shaft (I), sending at each upwind 
movement a quick and Bharppuff of air through the on 
bed, mimI Lifting slightly the on- lying on it. A- there are 

BIX projections upon the trip- wheel, it follows that tie 

moderate sliced of 711 to So revolutions of tin- per minute 
will give 4*Jo to ISO upward movement* of the fan m tin 
same time, and consequently a corresponding numbei ot 
puffs of air to agitate the ore ; this pate is sufficient to se- 
cure steady motion of the heavy balance pulley, and yet 
not so last as to produce any unpleasant y.w or noise th< 
machine working smoothly and easily. 

The ore-bed i- composed of win e tubes, pi 

distances from each other of and of an inch, ac- 

irding to the grades of ore to be concentrated the liner 
requiring that the tubes be Bet nearer together, while ti 

arser allow of their being farther apart. The ore-bed, 
situated in front of the Ian, as plainlj shown in the 
tional view, is formed by these tubes then- ends next to 
the tan being "pen ; and the air from the bellows ■ r- 
i 1 1 u: 1 1 i escapes through the top and sides of the tube 
agitating the ore that lies on them, and also that between 
them near the surface 
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The ore between the tubes rests on that immediately 
underneath, in the passage (C),and sinks as last as the 
roller ( R), at the bottom, effects its discharge The tubes 
being open on the lower side, any fine ore passing through 
the meshes of the wire gauze simply descends with the 
hi tin b )dy (C), thus preventing any liability of the tubes 

to filling up. 

In discharging the concentrated ore (C), the roller (R) 
i- operated (as mentioned above) by mean- of the ratchet 
wheel (VY). and pawl (P); and, the latter being carried by 
a crank on the trip-wheel, it follows that its speed is gov- 
erned by the speed of this wheel, which also gives motion 
to the fan ( B>: by this connection, the fan, which effects 
the concentration, and the roller, which discharges the 
concentrated ore. are made to act in concert with each 
Other. The importance of this feature will be apparent, 
when it is remembered that the amount of ore concen- 
trated in a given time depends on the number of puffs of 
air supplied per minute ; so that, as the arrangement here 

cures, the motion of the discharge roller should be con- 
trolled and regulated to correspond with the speed of the 
fan. 

To accomplish more satisfactorily the result -might, the 
crank which carries the pawl can also be adjusted, by vary- 
ing its length ; so that the speed of the roller may be fur- 
ther regulated, according to the richness of the ore. 

A.8 already stated, the upper gate (G) governs the How 

of ore from the receiver (II) to the ore-bed: whilst the 
lower gate (G) is so set as to determine the thickness of 
the stratum of ore lying upon the latter; the reason for 
this last arrangement is found in the necessity of increasing 

or diminishing the depth of the bed of ore operated on, 
according to the coarseness or fineness of grade — the finer 
the crushed ore, the thinner should the Btratum be. 

The strap, with its screw fastenings, serves, firMt^ to pre- 
vent the roller-attachment *A' the lever (L) from striking 
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the body of the trip-wheel, as it falls from each of the 
cam-shaped projections ; and, secondly^ to regulate the ex- 
tent of movement of the fan. That is to say, the strap 
must in all cases he bo adjusted that the small roller work- 
in" against the trip-wheel sh ill not strike ;it the foot <>I 
the cam — the strap serving in this manner t«> cushion tin 
hl"\v and prevent Hoi-'-. Further, by tightening up or 
slacking oil" by means of the screw fastening, the fan i 
carried in its vibration through a greater or l< , pro 
during accordingly a stronger, or lighter, puff of air. 
It will of course be understood that the volume of i he 

puff of air required varies with each grade of ore Opera I 

upon. Now. with the strap arrangemenl alone, the volum< 
of the puff can he regulated t<> tie exact requirements of 
different grades of material. But, as tie- finesl grades of 
on- demand so much less movement of the Ian than do th 
coarser, it is preferable to have an additional means ol 
control; and to supply such, trip-wheels of differenl sizes 
are provided along with each machine, it is, in working 
better t<» select a trip-wheel which gives a movenn n( cor- 
responding most nearly t«> that required, and then to mas 
the nicer adjustments by means of the screw and strap 
but the roller must in no instance strike nt }!,<■/■»>■ 

The novel features, then t«- be particularly noted in this 
Separator are as follow - ; 

1. The ore-bed. 

2. " automat ic discharge-roller. 
(an. for producing the puffs of air. 
trip-u heels, and spring. 

strap, and adjusting B< w. 
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crate "ii tin- receiv er II 



il.) The ore-bed^ formed ofwi tube-, which are 

Be t m ;l frame a >ln»rt distance ap u t, thus allowing tin- ore 
to descend between them, is \ novel \m> original dbvk 
for securing the removal ofth< tcentrated i as fasl as 
the separation on the bed ie completed. 
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The entire width of the ore-bed in the largest size ma- 
chine is 4 feet, and along this the tubes, only \ inch wide, 
are set, with intervening spaces of from jj to \ of an inch : 

consequently, the total extent of openings through which 
the ore falls, amounts in the one case to J and in the other 
to J of the entire ore-bed. This construction gives a great 
amount of space through which to deliver the concentrated 
material, and of course distributes the discharge over such 
space ; so that at no single point does the ore sink rapidly, 
and yet the action of the air is perfect and equal over the 
entire extent of the ore-bed. 

(2.) The second feature in importance is the automatic 
discharge roller ( R. ) This being driven by the motion that 
works the fan, and its rate of revolution being at the same 
time, and in the manner already explained, regulated ac- 
cording to the richness of the ore, it follows that the con- 
centration of the material and its discharge, are effected 
in concert : the result is, that when the general speed of 
the machine slackens, the concentration being of course 
[( iSS, the rate of delivery is i as it should be ) correspondingly 
reduced. 

(3.) The third feature is the general simplicity of the 
device for producing the puffs of air ; namely, a fan or plat 

furnished with rubber valves, swinging on its proper shaft, 

and directly actuated by means of a single lever (L >. 

(4.) The next feature requiring notice is the combined 
operation of the trip-wheel and spring, in actuating the fan 
or bellows-plate. The wheel, by the gradual action of ita 
■ an.-, throws the lever i L | back, and consequently the fan 
or bellows-plate downward, with a movement as gentle as 
i- possible for one SO rapid, when, immediately after, the 
spring carries the fan quickly upward — the two motions. 
in this way. -ecuring all the time practieabl t the air to 
fill the -pace above the fan, and then the expulsion of this 
with a sudden impulse through the ore-bed, imparting a 

lilt to tbe ore, as already explained. 
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The superiority of this particular device over cams 
iniks, etc., arises from the fact that, with it, a considera- 
ble variation of the speed of the machine does not affect 
tin- quality oi" tin- concentration, but only the rate, and so, 

the quantity. II' the trip wheel revolve- slowly, the num- 
ber of vibrations of the fan i> of course leas j but :i- the 
spring causes the upward movement, the puff of sir i> of 
practically uniform Btrength, and we thereby obtain at all 
speeds what we may term « concentrating stroke of the bellows. 

For, the more sharply or distinctly tl>> e gi\ 

tin more perfect and well tltjincd wHt /» the separation} and the 
greater may be the varying sizes of the grains, And the mon 
rajiiilly in succession are (hi j< sf air I the greater will 

be the amount of ivork (lone in a gia n time. 

(*").) In reference to the action of the strap and adjust- 
ing screw, although in itself important, the explanatioi 
alread) presented are deemed sufficient 

(6.) The gate on the hopper (Hi compels the ore to 
How on tin- ore-bed as an under-current — and as the puffs 
are regulated to agitate just perceptibly the heavj portion 
of the material, it follows that only the lighter portion u ill 
rise to the surface and be thrown (as tailings) over the 
lowei gate (G), while the heavy continues to sink through 
the ore-bed, and to be discharged below. 

This feature of the under-flow of ore just stated, ena- 
bles u to concentrate perfectlj with a very short travel of 
the material, or in other words, to employ a short ore-bed 
— ;i condition of things which proves for several reasons of 
great advantage; as — 

A. By thus having a short ore-bed, we are allowed to 

tend what we can properly term the width of ti> 
thereby greatly increasing the capacity ofamachin en 

me. All other experimenters hai e caused the delivery and 
discharge of the ore to take pi ice 01 er the shorter dimen- 
sion of the machine, and the travel of the ore r the 
longer dimension ; the exact re rse of this is secured in 
the machine here described; viz., the distance of travel of 
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the ore over the bed is only 5 inches, while the line of 
overflow h exit ided to ± feet, or can be at plea-sure u<i<lc still 
greater. 

B. A short ore-bed enables us to use a small fan or bel- 
lows; thereby reducing the size of the machine, as also 
the power required to run it. and the vibration attending 
rapid movement. 

('. A more even and uniform agitation is secured, when 
the ore is confined within narrow limits: and consequent- 
ly, more satisfactory results are for this reason also ob- 
tained. 

(7.) The feature last considered leads us naturally to 
the shape of the machine. Since I have discovered that a 
short ore-bed, of only 5 or G inches length, is not only mf- 
cient, but in fact much superior, for the purposes required, 
and that the width of the bed and extent of overflow can 
accordingly l»e greatly increased, thus largely increasing 
also the amount of concentration for a given size of ma- 
chine. I am able so to place the fan and to group in com- 
pact form all the working parts, as very considerably to 
reduce the entire bulk of the machinery and frame — the 
whole being kept to a small and convenient size, in com- 
parison with the amount of work performed. 

(8.) The frame is made deep, and provided with a door 

to inclose the principal working parts— -a feature, however 
which is not considered among the essential 

Before leaving the subject of the concentrating machine, 
attention should further be called to the fact, that with it 
the putls of air, in agitating or lifting the ore, effect at the 
Same time the delivery of fresh supplies from the receiver, 
and help to force the tailings over the lower gate, G. 

The puffs of air are, at the start, regulated to agitate 
sufficiently the ore on the bed; but should the rich™ of 
the latter increase during working, or too large mpply 

collect at one time on the bed, the air ceasee to lilt or agi- 
tate the material so much as before ; and thufl :i check i^ 
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at once furnished bo prevent I by the overflowing of 
heavy ore in the tailings. No such cheek is possible in 
water concentration ; because water moves practically; 
a solid, and carries .-ill before it. 

T " BUDQ "P- in conclusion, then: The . liar arrange- 
ent of the on -bed, which admits of so great a 
ingsfor therich ore to descend throw,!,, without inU rf\ ring ith 
thi perfect net of the air on the ore, 
uffustable mechanism to effect the timely discharge of the sa 
th<: r,,,n r /tte ,,,,-qm • •/ regulatin i thi i fo ch whi\ 

the compressibh nature of the medium r> the liability 

of too rapid feeding ; the far (/read with which 

particles sink in air t in am, pari-,*,, with that r ,<v ; n W(l i, 

and which renders much siting of the ore unnea ary; th< 

g of the /''/" particles; th economy of iabo 
the extreme simplicity and durability of the parts through 
are points in its construction and working i 

this Separfitnr superior to alt Others hn 

All the parts in thifi machine liable to wear Id the coui 
of time are manufactured to duplicate and, ai cording 
can be cheaply replaced, 

The machine m< i ■■■■• 6 feet in length over .ill .; fe 
m width, and 3 Feet LO inches height. If w ii- complete 
1,200 pounds, and is capable oi concentrating ros pi 
hour, with J horse-power. Besides the large machiro I 
manufacture b mailer ones, of the weight of 150 pounds for 
the requirements oflaboi andof mining prospectors 
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DKSf'RlPTION OF MILL FOB DRY CRUSHING 

AND CONCENTRATION OF ORES, 

The a impanying plan of mill showing the besl arrange- 
men1 of the machinery for crushing, screening and concen- 
tration of ores is designed with a view to economize in 
the labor and expense required to op< rate it. 

In this plan some of the economical features introduced 
i practice are not shown, for the purpose of better illu 
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trating clearly the operation simply of crushing, sizing an/3 

concentrating, including the means of drying the ore. 

One important feature omitted is that for weighing after 
drying and crushing just previous to sizing. The plan 
adopted is simple and saves a great deal of trouble and ex- 
pense, and secures greater accuracy in the weight of ore 

treated. 

The mill is represented as built on the slope of a hill or 
mountain-side, a course securing some conveniences. By 
this plan the ore is delivered in the third story, and at thi 
point fed to the jaw crusher | 1 ), which breaks the ore into 

small fragments. 

The ore thus broken falls into the drying oven (2) to re- 
lease it from outside moisture. 

The drying oven is made of cast iron. The bottom, ;i~ 
plainly represented, is arranged in step fashion, so as to 
allow the hot air or fire to pass up through the spaces be- 
tween the ore. It will be readily understood that such a 
system of drying will secure the most rapid and economi- 
cal results. The heat after it passes through the ore with 
the moisture it carries is conducted away through a tlue 
or pipe in the ordinary way. 

At the bottom of the dryer is arranged a shute {a) ca- 
pable of being adjusted at such an angle as just to delivei 
the ore to the endless belt (3) in a comparatively thin 
Stratum. This belt (3) is adjusted in speed to carry the 
ore away from the dryer and deliver it to the first pair of 
rolls ( -4 ) at the same rate it is fed to the crusher. If feed- 
ing at the crusher is stopped, the carrier belt (3) should 
also be stopped, as it is essential to have the dryer alwaj - 
quite or nearly full. A shifting belt (13) which is undei 
the immediate and easy control of the man at the crusher, 
supplies the means of starting and Btopping the carrier 

belt i 3 ) at pleasure. 

The dryer will hold about 1, Li ns, so, at a rate of crush- 
ing equal to 3 tons per hour, the ore will be \ hour travel- 
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ing through the furnace, a space of time believed to be 
quite (and more than) sufficient to drv it. 

After passing between the first pair of rolls (4) the crushed 
ore (now about the size of corn) flows to the screen | 
and all that is fine enough taken out and allowed to flow 

at Once to the elevator i 7). 

The coarse portion flows, by means of properly arranged 
.out adjusted shutea (c c) to the second pair of rolls (6), 
which complete the crushing. 

The object in taking out the ore which bae been 
rushed sufficiently by the first rolls is twofold; nam 
ly, the portion already so reduced should be saved from 
further crushing, to prevent making too much fine stuff 
and, secondly, as each machine is adjusted to crush 
finer than the one preceding, it is not capable of operatii 
on the same weight or bulk of ore. The elevator < 7 1 de- 
livers all the crushed ore to the uppermost screen (8), 
which take- out an\ particles that may -till be too coar 
— such small percentage of coarse product being sent ba< 

through a slnite (shown in the plate) to the first pair of 

rolls, for re-crushing. The portion passing through the 
meshes of the first screen How- to the second (9) and *o 
much as goes through the second screen again to the third 

( In i and so on. 

From the la r end of the second screen (9), we get 
the first or coarsest grade of ore. for concentration, and 
which flows to the bin < 12). Prom the end of the third 
i Hh we obtain the second grade; and thai from the end 
of the fourth screen 1 1) is the third grade, and what pass 
through the meshes of the fourth screen (11) is tin- fourth 
grade of ore, making in all \ size i <■ h size flowing to one 
of the lour bins 12). 

From the bins tin flows directly downwards to the 

separator 1 13), situated on the floor below. 

The tailings from the first eight separators are removed 

by any convenient means from the building, n- 

intrated ore. with some gangue with it, flows to the con- 
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centrators (14), on the basement floor, where it is reconcen- 
trated to remove all the gangue. 

In practice it is found to be more convenient and eco- 
nomical not to concentrate too highly in the first operation, 
but to allow some gangue to go with the concentrated 
mineral. If the mineral contains some gangue it is an 
evidence there is no loss of valuable ore going off with the 
tailings, so the rich concentrations are allowed to flow to 
a single set of machines below, and there reconcentrated. 

In this operation is obtained a pure concentrated min- 
eral and a small amount of rich tailings, but this latter 
< rich tailings ) is sent back by the elevator to be concen- 
trated over again on the machine above ( 13). 

A few hours of the 24 is sufficient time to do all. the 
reconcentrating, as the bulk, compared to the original ore, 
is greatly reduced. 

Thi^ system of reconcentrating renders good concentra- 
tion easy, serves as a check to loss in the tailing and proves 
economical in practice. 

The dust made by crushing is withdrawn through prop- 
erly arranged dust pipes. The Exhaust Fan (15), for re- 
moving the dust, is connected with a main dust pipe (not 
shown) placed against the elevator trunk, and all dust 
pipes from Crushers, Separators and Screen Chambers, lead 
into the main pipe. 

The screens are provided with latticed hoppers, which 
allows a current of air to flow freely up through the screen 
chambers, which removes the floating dust, but all which 
does not float in a gentle current flows to the bins ( 12), so 
that all grains not liner than ,J part of an inch is concen- 
trated. Each chamber is connected by separate dust pip* 
directly with tin- main tube. 

The dust withdrawn from the various parts of the mill 
is conveyed through a tube and carried outside of the 
building some distance away to a dust chamber, as shown 
in the cut. where nearly all of it i~ Bettled and saved far 
subsequent treatment. 






The importance of saving the dust, as well as the import- 
ance of making as little as possible in crushing, will I 
appreciated when it is understood that all the dust <>i' ore- 
assay always about double the value of the original in baa 

and precious metals. 

In order to produce as little dust as possible, in crush- 
ing at the rate of 2 to 2\ tons per hour, 2 sets of rolls ai 
Indispensable and even 3 seta preferable and more economi- 
cal. In this way the ore Lb brought gradually from coai 
lumps to fine Band. 

The machinery throughout the Mill is of the besl possi- 
ble workmanship and each machine employed is con- 
structed on the best known mechanical principles. No pain.- 
or money has been spared to bring each machine or other 
parts to a condition of working perfectly with all the rest 
and also with tin- highest efficienc} . 

The Mill, constructed and fitted up ai shown in the 

plan, is capable of crushing and concentrating at the rate 
of from 2 to 3 tons per hour. 

Machinery and plans for mills of less or greater capaci- 
ty will be furnished as may be required. 

The number of men required to keep in operation a mill 
i rushing and concentrating ai tin- rate of 8 tons per hour, 
and when steam is the motive power, is 

6 men for day work and 
3 " " nighl 

and \s hen water is the motive pi .\\ei , 

o men for day work and 
2 " " nighl 
The following on Ore Dressing is taken from Kustel'ti 
work on Concentration and Chlorination : 



DRESSING OF ORES 

Ore- :i- found in the mines, an . k&erally impure to ;v 

considerable extent, owing to an intermixture of fo pi 
matters, although concentrated deposits of pure ore ii u- 
larlv distributed an luent occurrence Veins, yield- 
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ing mostly pure ores, tree from intermixed earthy matter* 
or gangue, and from which the metal can be directly ex- 
tracted, are rare exceptions. 

The great majority of veins contain the gangue predom- 
inant. The gangue is not the only stuff which renders 
the ore impure. Many intermixed metallic minerals are 
also considered as impurities, when they are not the object- 
of extraction, because either, under special circumstances, 
they may have no value in themselves, or they may oc- 
cur in too small a proportion to pay for a separation ; or 
the presence of their metals may be prejudicial to the 
metallurgical or mill process, causing loss of a more valu- 
able metal, or making the process more expensive. 

The earthy portion of the ores, such as quartz, lime, 
heavy spar, etc., is in some instances to a certain extent 
injurious to their treatment by different metallurgical pro- 
cesses. In every instance the expenses of reduction will 
rise with the increasing proportion of the earths. 

This often happens to such an extent that the working 
of the ores ceases to be profitable. 

Expenses of transportation, labor, fuel, fluxes, chemicals, 
power, etc., depend always more or less upon the bulk of 
the ore, which again depends principally on the relative 
quantity of earthy matters. 

The presence of metals in the ore which are impurities, 
considered with reference to a certain metal in view, is 
generally productive of much inconvenience in metallur- 
ical operations. One metal requires a different treatment 
from that which suits another, and one may have a bad 
effect on the quality and quantity of another which repre- 
sents the object of extraction. 

The separation of valuable matter from its intermix- 
ture with heterogeneous sul .stances is called the dressing of 
ores. This term comprehends the mechanical separation 
generally— that is, the separation of gangue and worthless 

material from valuable ores — as well as the separation 
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of the ores themselves into different classes according 
to different intended modes of treatment : the separa- 
tion of gangue from ore by mean- of water is tailed con- 
centration. Dressing includes concentration as one of its 
most important parte. The object of the "dressing of 
ores* 1 is the separation of the worthless from the valuable 
portions as closely as j iUe with the least loss and the 
smallest expense. A very close separation is difficult and 
not always advisable. The less value a mineral contains. 
so much the closer m;i\ Its separation from gangue he 
effected. Concentration consists in washing off the poorer 

or worthless parts from the ore. 

Difference of specific gravity, or at least difference of the 
ite condition of the minerals, is the requirement for 
the po ihility of separation, [f, therefore, different min- 
erals of tin- same specific gravity constitute the ore or if 
minerals of different gravity are combined chemically, do 
mechanical separation can take phv but then a chemical 
process is sometimes first employed to produce a differ- 
ence of specific gravity for the purpose of concentration 
3o for instance, tin ore isgenerall) accompanied by wolf- 
ram, molybdenum, arsenical iron and copper p} tine 
blende, copper glance, bismuth and antimonial ores, besides 
earthy minerals. En Cornwall, Bohemia and Saxonj tin 
ares are subjected to a concentration by means of water. 

The concentrated ore contain- all the wolfram, which i< 
but little heavier than tanore,moet of the arsenical n; 
rites of nearly the same gravity as tin ore md much ol 
the iron and copper pyrites. This concentrated ore is then 
charged into a reverberatory furnace and roasted for the 
purpose of oxidizing the arsenic and sulphur combinations 
in order to change the specific gravity. The r re 

is again concentrated, and sometimes, if the ore is very im- 
pure, the roasting and concentration i< in repeated. 
The wolfram and tin ore remain unchanged— the former 
must be removed by a separate smelting proa 
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The Dry Concentrator separates the tin ore from the arsenical 
iron and copper pyrites without roasting, as the difference 
sufficient to separate them in the raw state by means of air, 
another evidence of the superiority of air as the concentrating 
medium. 

The sorting of useful ores into classes depends partly on 
the presence of different ores in the same ledge, as is often 
the case. For instance, silver ores, galena, zinc blende 
and copper ore ma}' be associated in such a proportion that 
silver, zinc and copper can be extracted to advantage. In 
this case silver ore and galena must be separated from zinc 
blende and from copper ore ; or if silver should be extracted 
by amalgamation, attention must be paid to the separation 
of silver ore from galena. Mechanical sorting is often 
much cheaper and simpler than chemical, which meets 
sometimes great difficulties in producing a pure article out 
of compound ores. Ores are also sorted for the purpose of 
classification into rich and poor ore of the same kind. 

W ith proper working the percentage loss of metal of 
poor ores is higher than of rich ores. It is, therefore, al- 
ways advisable to separate the rich from the poorer classes, 
if the character of the ore permits it. 



PRINCIPLES OF DRESSING. 

The dressing of ores is based on the following principles 

Fir>t. Each constituent of the mass must be brought to 
the highest value which can advantageously be given to it. 
Second. The useful minerals must be concentrated only 
to the most advantageous degree of purity. Third. All 
loss of the quantity and value of the useful mineral must 
be avoided as far as practicable. 

According to the first principle, we must endeavor to 
obtain each mineral with its highest value. It is verv ofb 
thi kse that a deposit or vein carries different metallic 
minerals : for instance, galena, copper pyrites, iron pyrite 












43 






blende, cobalt, ores, etc., which, in an isolated condition, 
command a certain highest price. It such ores were de- 
livered unseparated, then not only would the subordinati 
metals remain unnoticed by the purchaser, bat the value 

of the principal ores would be depreciated to .some degn 

on account of the difficulty which would arise for the metal- 
lurgist in obtaining pure articles from the compound 

Ores, bein<; compelled to use a more complicated and 

expensive treatment for that purpose. If, however, 
these minerals were separated by dressing, tin- principal 
minerals would conn- up to their respective highest 
prices, and the mines would also 1 1 alize the value of blende, 
besides, if this be treated for zinc. The pyrites mav be 
made use of for the production of Bulphuric acid, or the 
smelter may need it for the concentration of the silver in 
the matte, or for roasting of silver ores which are poor in 
sulphur. 

With regard to the second principle, it would seem that, 
a matter of course, the puresl -tuil' would prove to b 

the most advantageous ; but from a practical point of view 

it is different. The concentration should be continued onh 

• 

bo far that, under the Local circumstances, the most profit 
can be realized from the concentrated stuff. The mor< 
precious tin' metal is, the Less advisable it is to concentrate 
it closely. There are many particulars to be considered 
as to what constitutes the most profitable degree of con- 
centration, In this connection must be considered 
1. The mining expenses on the ore, or the purchase pri 
of ores or tailings, the hauling and all expenses on 

the Ore till deliv I at the place of concentration 

-. The cost of crushing, including all expenses connected 
with the work of concentration, transportation to th< 
reduction works, cost of water, etc. 

3. The loss sustained by concentration. 

4. The expense of reduction and loss of metal thereby ind 

in what proportion tin- loss will appear with referen 
t<> the more or less concentrated matter and, finally 
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5. Whether the reduction, that is, the extraction of the 
metal, is effected in the same establishment, or in cus- 
tom works."* 

There seems to be a mistake in some places as to the 
proper degree of concentration, which misleads the inven- 
tors of concentrating machines, as well as those who wish to 
make use of concentration. 

The leading principle of these machines is the extraction 
of pure sulphurate, and the putting through of a large quan- 
tity of stuff in the shortest time with the smallest apparatus 
under all circumstances. 

Mere turning out the purest sulphurets is by no means 
a proof of the best contrivance, and can be looked upon 
often with suspicion of losing a great deal of rich, fine par- 
ticles, if present. 

If the reduction is to be performed in a custom mill, the conditions 
must be considered. In Nevada, for instance, it is the usage in some 
custom mills to charge for amalgamation of silver ores, by way of roast- 
ing, $50 per ton, without reference to the compounds, returning 80 per 
cent, of the value in gold and silver found by the fire assay. On account 
of distant hauling and the fixed charge, without reference to the richnes 
it might be more advantageous to concentrate closer. The following cal- 
culation will show how the degree of concentration is limited. For in- 
stance, a certain amount of ore or tailings is reduced by concentration 
to 10 tons (20.000 pounds), which would pay, according to an assay. $150 
per ton. The value of these 10 , after deducting twelve per cent, of 
moisture, would be *i.:«n oo 

Hauling, @ $4; charges, $50 per ton (dry); deduction 

of 20 per cent 744 oo 

Return $ 576 00 

Supposing now the above 10 tons were reduced by further concentra- 
tion to 5 tons, and the lose i»y further concentration supposed to be 20 per 
cent., the value of these S tons, after deduction of l'o per cent., concen- 
trating loss of the value above Btated, would be $1,056 <*) 

Hauling of ."> tons, @ $4 ; charges, $50 (for dry staff) ; 
additional concentrating expei $15 ; reduction 
loss, 20 per cent 435 20 

Retain | .-,- 9 80 

The difference of $13.80 is in favor of closer concentration | r cir- 
cumstances, howe may Mi„ w a lose by over-concentration. 
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Very cleanly extracted sulphurets are often not only 
clean of earthy matters, but also of silver sulphurets, fine 
amalgam, etc. In some instances a close separation of 
sulphurets from earthy or other injurious matters is a con- 
dition for the further economical treatment of the eduet 

With Bulphuret of lead, copper sulphurets, etc., because 
of the Low value of the metal, a close concentration must be 
('fleeted. Auriferous pyr'n require to be concentrated 

close as possible for the ehlorinat ion process, unless the 

gangue is pure quartz, but it would be a great mistake it 
silver or< hould be subjected to a close concentration. 
As to the percentage which can be possibly obtained in 

concentration, it is uofc unusual to lie assured by invent- 

of concentrators that the\ concentrate any ore within 
or 10 per cent., an assertion the reason of which is either 
personal Interest or more probably inexperience but the 
statement* are readily believed by customers. In th on- 
centration of lead ores, galena principally, conducted on 
the best principles with all the improvements of modern 
concentration in Europe, where great attention and plenty 
of time are devoted to the operation, the l< generally 

from 15 to 20 per cent 3ai 80 per cent, of lead ores 
in concentration may be considered a very satisl re- 

sult It must be born.- m mind, moreover that galena 
occurs in cubes; the cleavage is all cubic, ver] seldom 
fibrous; the specific gravity i — n Ale condi- 

tion for concentration, while tic- b ific gravit} of the 
principal silver ores ranges from 5.2 to 6 ._. and they hav< 
the disadvantage of assuming mostly a fibrous or leaf-like 

shape when pulvcri/.-.l. The silver sulphur. -t is 1 ier 

(7), but ductile. It is, therefore, quite proper tocalculat 
on a loss of 35 to 15 per cent, | including loss in crushing) 
in treating silver or - provided the plan for concentration 

is a proper one. 

How differently silver ore behaves from lead ores in 
concentration is shown by the result of a concave buddl 
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45 d. The nature of the ore certainly modifies the Loss to 
a considerable extent. With the concentration of gold the 
case is different, for its high specific gravity allows a more 
perfect concentration ; but, although under the most favora- 
ble circumstances from 90 to 95 per cent, of the gold may 
be saved, there are also cases where 30 per cent, and more 
might be lost ; for instance, if the gold should occur in a 
very fine scaly condition in a clayey rock. A man, though 
experienced in concentration, cannot give an approximate 
estimate of the concentrating loss without having examined 
the nature of the ore in question, for the reason that tin- 
loss depends not only on the shape and gravity of the pul- 
verized ore particles, but also very much upon the charac- 
ter of the gangue. 

It may, moreover, occur that some earthy or metallic 
minerals mixed with the useful ore may be desirable for 
the reduction, so that a separation of the same would not 
only be useless but injurious, because the loss of the ore 
increases while the separation is going on, and because the 
ore may be more valuable if such minerals are not re- 
moved. 

Professor Gaetzchmann mentions the following metalfi 
and minerals as injurious or otherwise with reference to the 
metal which is the object of extraction: "Iron and cop- 
per pyrites, and apatite, in iron ores (copper often accom- 
panies spathic iron), while on the contrary spathic iron is 
not injurious to copper ores (other sorts of iron ores are 
not desirable with copper ores). 

Iron, copper, arsenical pyrites and zinc blende injure 
tin; bismuth makes its color dull, copper makes it brittle. 
Arsenic makes Lead brittle; antimony hard. Lead with car- 
bonate of zinc ( galmey) or with blende spoils t be zinc. Lead 

must be carefully separated from all kinds of ores cut of 

which copper is to be extracted by precipitation or silver 
by amalgamation. In the first case it makes the copper 
impure; in the second it enters the quicksilver and cau>es 






a greater loss in silver. Nickel-speise (impure i enuret) 
injures the amalgamation of Bilver ores [njurioua to co- 
balt (for the pur]."-.- ni' manufacturing blue paint) are, 
calc-brown and manganese-spar, horn -tone, ferruginous 
quartz and galena. Nickel imparts, only when predomi- 
nant ;i red tin^e (arsenic, on the contrary, intensifies tfa 
cobalt, and renders the color agreeable). Mica, lime, gar- 
net augite and horn-blende promote the fusibility of mag- 
netic iron ore; fluor spar facilitates the smelting of lead 
silver and copper ores. Spathic iron and heavj Bparare 
advantageous in smelting lead ores; iron pyrites is useful 
for the production of matte 

In treating un wasted silver ores in iron pan-, antimony 
i- objectionable, [f chemically combined with silver, it 
prevents the amalgamtion of silver ores more or le 
Thirty per cent, of antimony (as a constituent part of the 
mineral) makes wasting indispensable. As a Bulphurel 
antimonj amalgamates under certain circumstan* 
pecially if talc is presenl in the ore, and forms a bulk} 
amalagam of sulphuret of antimony, causing a great loss in 
silver and gold. For similar reasons arsenical pyrites is 
injurious to silver and gold amalgamation. 

Carbonate of lead must be carefully separated, it bein 
k lecompi I. Galena is also decomposed, but with 
difficulty. Clay, talc and talcose slate deter amalga- 
mation, causing also a greater loss in quicksilver bale 
-par is favorable; iron, copper and zinc sulphurets are 
indifferent. Talc is also injurious in auriferous pyrites, it* 
this be subjected to the chlorination process, for the pur- 
pose of extracting the gold. The talc in the chlorination 
tub absorbs too much chlorine gas. 

It is therefore necessary to roast such stuB with from 
1 to 5 per rent, of salt, according to the amount of talc. 

[n relation to the third principle it is evident that asepa- 

ii or concentration cannot be performed until the ore is 

reduced to some degree of fineness During this process 
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a certain loss cannot be avoided: this loss must increase 
with the fineness of the pulverization. The lose in the 
quantity of the educt arises from too close, and the loss in 
the value from insufficient concentration. 

It appears, therefore, most advisable to pulverize and to 
concentrate the ore only to such a degree as absolutely 
necessary. The dissemination of the valuable matter in tin 
rock in coarser or finer condition is the guide as to what 
degree of pulverization is required. It is utterly impossi- 
ble to prevent all loss in pulverizing the ore, but with suf- 
ficient care and proper management this loss may be r< 
duced to a minimum. Much handling of the pulverized 
ore also occasions loss. 

In order to carry out these principles a proper choice 
and succession of operations must be determined upon bi 
fore hand, the important conditions in which are the fol- 
lowing : 

The ore must be subjected only to so many and such 
operations as are absolutely necessary to accomplish the 
purpose. Such methods must be adopted as are in accord- 
ance with local circumstances and the quality of the mass. 
The following points must be here considered : The nature 
of the material, that is, of the useful mineral, of the gan- 
gue and of the country rock, of which some is generalh 
broken with the ore. Also in what condition the ore ap- 
pears in the rock, whether disseminated in coarse par- 
ticles or in coarse pieces, or only coating the rock in thin 
layers, as is the case with chloride of silver, native silver, 
etc. Also the structure must be examined, the cleavage,' 
toughness, hardness,and what size and shape the mineral 
assumes when crushed. 

(«) Cubic galena, iron and copper pyrites, for instance, 

require different and more simple operations than fibrou 
galena. Ore of the same kind with only one- Borl of rock 
is more easily separated than if mixed up with various 
rocks, as quartz, heavy spar, feld spar and lime. Nativ, 
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gold, copper and silver hammer out into leaves or Hat 
pieces, while galena, iron and copper pyrites form granular 
particles, — the latter, therefore, concentrate more perfectly. 
Ruby silver, brittle Biiverore, hlende and gray copper ore 

concentrate more difficultly , assuming a less favorable shape 

after crushing. 

{/)) Unfit for concentration, orver} difficult, are decom- 
posed silver and other ores, especially if easily converted 
into powder; malachite and argentiferous carbonates of 
Lead and copper so often found in Nevada, Montana, etc, 
chloride of silver, native silver in leaf or scale shape 
plumbic ochre, cinnabar, etc. 

Quartz, heavy spar, gray wacke, admit the precipitation 
of ore particles more easily than tal a or clayey rock 

clay slate or gneiss 

( ! ,t care must be taken not to disperse oi scatter thi 
ore particles in the mass by fine crushing or by still more 

injurious grinding. 

[t is difficult to effecl the separation of blende, coppei 
iron and arsenical pyrites and beavj Bpar from Bilver ores, 
wolfram from tin ores, chlorite and epidote from copper 
ores, spathic iron from copper pyrites and galena 

Pan tailings from unroasted silver ores ar< often sub- 
,,, . h .,| t.» concentration for the undecomposed sulphurel 
This material contains a great deal of metallic iron, parti} 
from the stamps, but principally from the shoes and dies 
of the gi inding pan. The iron ofsuch tailings, if exposed 
tl) t |,r air for eral weeks, will oxidize, and in conne< 
Il(lll ult h other iron particles form light, voluminous little 
bunches, involving sulphurets and amalgam. These way 
numerous voluminous par tides. cannot be retained with the 
heavier clean sulphurets, no matter what method •»! con- 
centration maybe adopted, bul flow off with tic itei 

before the sand. 

If, therefore valuable tailings are intended for concen- 
tration which could not be ea ited immediately, tic 
>hoidd he kept under water. 
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According to the preceding, it is obvious that a proper 
conduction of the dressing requires a knowledge of the 
physical and chemical nature of the metallic and earthy 
minerals, and of the value and richness of the orev matter; 
knowledge of the particular metallurgical treatment j 
which the ore is to be subjected is also required, in order 
to be able to judge whether the cost of a closer concentra- 
tion would be justified by the advantage which the metal- 
lurgist would derive therefrom, while also taking into 
account the mining expenses, which augment or reduce 
the quantity of concentrated matter. It requires practice 
on the part of the operator and conscientiousness, that he 
may be aware of the real amount of loss suffered bv dress- 
ing, and know all contrivances of ascertaining the same. 

The inventors of concentrating machines are often un- 
scrupulous enough as to the resulting performance of the 
concentrator, and frequently deceive themselves for want 
of experience. 
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The following, on the subject of " Ore Dressing," is taken 
from U. S. Commissioner Raymond's report of 1875, page 
425: 

"All ores as they come from the mines, consist of fcwi 
-rid may consist of three, portions. There are always a 
valuable and a worthless portion, and there may be an in- 
jurious portion, the presence of which causes loss in the 
-"' |uenl treatment of the ore. It is purely an economi- 
cal question whether the worthless and Inert, and the acth 
and injurious, portions should be removed by mechanical 
means from s melting-ores, before th. ■ , subjected to 
chemical treatment in the furnace. To separate these por- 
tions by mechanical mean- is the province of ore dressing. 

"The early mining operations in the Territories com id 
almost exclusively in the extraction and amalgamation of 
ores containing the precious metals in a free state and the 

high cost of labor, fuel and transportation entirely preclude 
the adoption of the proce es of metallurgy by which th< 
base metals could be extracted, and the loss of the preciou 
metals themselves could, as b rule, be materially lessened. 
Smelting-ores were then but little sought aftei nd reins 
containing ore that could uot be amalgamated without be- 
ing previously subjected to a metallurgical process were 
practically valueless. 

11 But, at the present day, the ores of some of the richest 
mining districts are, and must be, worked by smelting alone, 
and in other places smelting works could l»e profitably 
carried on were the proper means at hand for preparing 
the ore for the furnaces. It is also claimed that in certain 
districts, at the present time ores u-e smelted at a profit 
which could much more profitably he worked by a pre\ 
dressing; and this is undoubtedly the case when the ..re 
consists of argentbferou - tlena without tetrahedrite, or any 
of the exceedingly rich diver ores, the cleavage of which 
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causes them to break up into pieces of a shape ill suited for 
dressing. 

"The cost of transportation is still generally BO high at 
the West, that the smelting of lead ores, which do not con- 
tain from 30 to 50 ounces of silver to the ton, can hardly 
be thought of. The value of the lead obtained from the 
smelting ot argentiferous galena may often be sufficient to 
pay something more than the cost of transporting the base 
bullion to market, and the same may be said more fre- 
quently of the copper contained in ores, mattes, or black 
copper, but only in exceptional cases will the base metal 
also cover a portion of the mining and smelting expens< 
The accompanying base metal renders the payment of the 
insurance rates on fine bullion unnecessary, and the saving 
thus effected will go far towards paying the freight on the 
base metals. 

" Dressing works are properly adjuncts to smelting 
works, and vice versa. In some localities silver ores are 
found of sufficient richness to be smelted without previous 
preparation, but instances in which a proper dressing would 
not be advantageous are rare. Even in rich ores there is 
usually much more earthy matter than is necessary for 
the formation of sufficient slag to protect the metal in the 
furnace, and the removal of this excess bv dressing, before 
the ore comes to the furnace, would always be found 
economical. 

" For example, the ores generally smelted in Utah con- 
in a very much larger percentage of silica than can be 
used in slagging the oxide of iron and the alkaline bases 
which they contain, and in order to work these on 
fluxes, consisting of iron-stone or lime-stone, or a mixture 

of the two. must be employed in the furnace. The re- 
moval of a portion of the silica by mechanical dressil 
would save not only the cost of the (luxes, but the expense 
of smelting a much larger quantity of slag than is required. 

'• It is claimed by some that deconi) <l ores, such as 
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the carbonate of Lead found in the Emma, Miller, and 

many other leading mines near Salt Lake, might also I 
dressed to advantage. This would entail the loss of al- 
most all of the oxide of iron which they contain, but pro- 
portionally much more silica could be removed. 

"Another and a not less important function of dressing i^ 

the removal of subdtancei which act injuriously in the 

smelting process, causing irregularity in the working of 
the furnace, and loss by volatilization, or otherwise of both 
base and precious metals. In this respect we see the differ- 
ence between a true dressing of an ore and a simple concen- 
tration, which aims merely at removing a portion of the 

worthless gangue, and which divides the ore from the mini 

into but two portions — headings and tailings. By means ol 
rational and comprehensive system of dressing, however, 
the galena, the pyrites and the blende, which may have been 
intimately associated in the ore as it came from the nahn 
may be separated cleanly enough for all practical purpose! 
and each subsequently treated for itself. The ad van 1 
of making a complete separation of this kind will be ap- 
parent when we consider thai the blende, which is bo com- 
monly associated with silver-bearing galena, is often pool 

in silver, and when put in the lead furnace, nut only con- 
sumes a considerable quantity of heal in being trolatilizi 
or smelted into the slag, but can with it. up the chim- 
ney or mi" the sla amucb greater amount of silver than 

was contained in it when it was put in the furnace. 11 

however, this zinc-blende can, with onl\ a small percent- 
1 oJ galena, be treated by itself, it can be used for the 

eparation of zinc-white (Bar blett's process), and a large 
proportion of it- contents of silver saved, or by differ 
treatment, metallic zinc m ij he made from it. It 1- ap- 

icnt, however, thai the loss arising from the presence of 
zinc in the lead fiiriM> -, added to the value of the zinc and 
silver which may '•• saved, might not alw he sufficient 
to pay the cost of dressing the ore dw\ as the question 1- 
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purely an economical one, it will be necessary for any one 
working such an ore to decide, in his individual case, as 
to whether dressing would be pecuniarily advantageous to 
him or not. In deciding this question, the best method of 
separation must be first determined, and the cost of dress- 
ing the ore by that process ascertained ; then the loss of 
silver in the furnace caused by the volatilization of the 
zinc must be estimated with all possible care from assays 
and from comparison with other cases in which similar 
ores have been smelted with, and without, previous dress- 
ing. Hence it will be seen that the question is by no 
means a simple one, after all. Technical knowledge, ex- 
perience and sound business judgment are necessary for 
its proper solution, and all that can reasonably be ex- 
pected from a dissertation on the subject of ore dressing, 
is that the cheapest and most approved methods of dress- 
ing shall be given, together with descriptions and illus- 
trations of machinery which have not appeared in previous 
reports of the Commissioner, and, as far as possible, the 
data from which the cost of constructing and operating 
such machines may be reckoned with tolerable accuracy, 
in different districts and under different circumstances. It 
is evidently impracticable to give, in the limits of the pres- 
ent chapter, either the exact cost of dressing in any par- 
ticular case, or the metallurgical losses which are caused 
by the presence of the injurious substance. The aid of 
skilled metallurgists should be called to solve the question, 
which is both too complicated and too important to be 
decided by any one else. 

" From what precedes, it La clear that before we reach 
the final product of the mining and smelting operation.- 
the metal itself, the earthy portions of the ore must be got 
rid of. The economical question is. whether it is cheaper 
to wash away ;i < < nisiderable portion of this dead mass, or 
to put it in the furnace and smelt it up along with the pro- 
ductive portion. Any concentration will remove ;i portion 
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of the unproductive part, and no economical system will 
perfectly separate every trace of it. We are compelled, 
therefore, to resort to a partial separation, if we resort to 
any, and the question, how far it will pay to go, becomes the 
important one. It would not usually be desirable to sepa- 
rate every trace of gangue from the ore, even if we could. 
What is left in the ore forma a Blag whicb protects the 

metal in the health of the furnace from the oxidizing intlu- 

encesof the blast, and were no earthy material present in 
the ore, it would be necessary to add some for the purpose 
alluded to. [ftheoreisto he transported for great dis- 
tances, the cost of transporting worth! material should 
be taken into account ; hut, under other circumstances, it 
is not desirable to j» \ss a certain limit in the concentration 
which must be determined .1- before, bj actual studj and 
experiment. 11 
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DRESSING OF ORES." 



'In metalliferous veins the deposits of ores are extremely 
irregular and much intermixed with gangue or vein Btone. 
In excavating the lode, it is usual for the miner to effect a 
partial separation of the valuable from the worthless por- 
tion ; the former he temporarily stows away in some open 
place underground, whilst the Litter is either employed to 
fill up useless excavations, or in due course sent to surface 
to he lodged on the waste heaps. From time to time the val- 
uable part of the Lode is drawn to the top of the shaft, and 
from thence drawn to the dressing floors, where it has to 
be prepared for metallurgical treatment. 

This process is known as dressing, and in the majority 
of instances includes a series of operations. In this country 
it is chiefly restricted to mechanical treatment, the chemi- 
cal manipulation being performed by the smelter. 

Hand labor, picking, washing, sizing and reducing ma- 
chinery, together with water concentrating apparatus, com- 
prise the usual resources of the dresser, but sometimes he 
may find it useful to have recourse to the furnace, since it may 
happen that by slightly changing the chemical state of the 
substances that compose the ore, the earthy parts may 
become more easily separable, as also the other foreign 
matters. With this view the ores of tin are often calcined, 
which, by separating the arsenic and oxidizing the iron and 
copper, furnishes the means of obtaining, by thesubsequeui 
washing, an oxide of tin more pure than could other- 
\\i-« be procured. In general, however, these are rare 
cases; so that the washing almost always immediately 
succeeds the picking, crushing or stamping pn>e«-sses. 

Before entering upon the description of machinery em- 
ployed in the concentration of ores, it is important to do- 
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tice the principles upon which the various mechanical 
operations are based, [f bodies of various sizes, forms and 

nsities be allowed to tall into a liquid, in a state ofrec 
the amount of resistance which they experience will be 
•ry unequal] and consequently they will not arrive at the 

i torn at the same time. This necessarily produi es a sort 
of classification of the fragments, which becomes apparent 
on examining the order in which they have been depo <1. 

[fit be supposed that the substances have similar forms 
and dimensions, and differ from each other in densitj onl 
and it is known that tin- resistance which :• body will ex- 
perience in moving through ;• liquid medium depends sole- 
ly on its form and extent <»r surface, and not <>n its speci- 
fic gravity, it follows that all substances will lose undei 
similar circumstances an equal amount of moving for 

This Loss i- proportionally greater on Light bodies than 
in those having more considerable density. The former, 
for this reason, tall through the liquid with less rapidity 
than the denser fragments, and musl therefore rive latei 
at the bottom, bo that the deposit will be constituted ol 
different strata, arranged in direct relation to their various 
densities the heaviest beinj the bottom and the Light- 
est at the top <»(' the series. 

Supposing, "ii the contrary, that all the h...lie< which 
fall through the water posse similar forms and equal 
specified gravities, and that thej only differ from sh 
other in |><>int of volume, it is evident that the rapidity 
of motion will be in proportion to their sizes, and the larger 
fragments will he deposited at the bottom of the vessel. 

As the bodies en starting an- supposed to have the Bame 
forms and densities it follows that the resistance they ex- 
perience whilst descending through water will he in pi 

portion t«. the surface exposed, and as the volumes of bod i 
V:i ording to the cubes of their corresponding dimen- 

sions, whilst the muI >nly vary in accordance with the 
iuai of the same measurements, it will b sen that 
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force of movement animating them is regulated by their 
cubes, whilst their resistance is in proportion to their 
squares. 

If, lastly, it be imagined that all the fragments have the 
same volume and density, but are of various forms, it fol- 
lows that those possessing the largest amount of 8Urfo.ce 
will arrive at the bottom last, and consequently the upper 
part of the deposit will consist of the thinnest pieces. 

It is evidently then of the greatest importance that the 
grains of ore which are to be concentrated by washing 
should be as nearly as possible of the same size, or other- 
wise the smaller .surface of one fragment, in proportion 
with its weight, will in a measure compensate for the 
greater density of another, and thus cause it to assume a 
position in the series to which, by its constitution, it is not 
entitled. 

This difficulty is constantly found to occur in practice, 
and in order as much as possible to obviate it, care is taken 
to separate by the use of sieves and trimmels into distinct 
parcels, the fragment- which have respectively nearly tin 
same size. Although by this means the grains of oreimiv 
to a certain extent be classilied according to their regular 
dimensions, it is impossible by any mechanical contrivance 
to regulate their forms, which must greatly depend on the 
natural cleavages of the substances operated upon ; hence 
this circumstance must alw,i\> in some degree affect the 
result obtained. 

Each of the broken fragments of ore must necessarily 

belong to one of the three following classes : The first class 
consists of those which are composed of the mineral sou-lit, 
without admixture of earthy matter. The second will 
comprehend the fragments which are made up of a mix- 
ture of mineral ore and earthy substance; whilst the third 

division may be wholly composed of earthy gangue, with- 
out the presence of metallic ore. By a successful wash- 
ing, these three cla»es should be separated from each 
other. 
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The most difficult and expensive vein .-.tuff for the dress- 
ing ll< is that. in which the constituents have nearly an 
uniform aggregation, and where the specific gravity of the 
several substances approximate closely to each other. 

In such case the ore is only separated from the waste 

after much care and labor, and often at the loss of a con- 
siderable portion of the ore itself. When, however, the 
ore is massive and distinct from the g&ngue, and the 
specific gravity of the latter much less than the form* 

then the operation of cleaning is usually very simple, ef- 
fected cheaply, and with but little Loss on the ore origin- 
ally present 

The Losses which may be sustained in the manipulation 
and enrichment of ores is a matter of great importanc 
;uid demands aotonlj direct attention from the chief agent 
bul also calls for the constant vigilance of the dresser. 

No one can approve oi a system which omits to record 
the initial quantity afore brought to the service, noting 
only the tonnage and percentage of the parcel product 

for sampling. 

Wt such inattention prevails general!} in the mining 
districte of this country. What would be thought of a 
sin. -Iter who might systematically purch and n ve 
ores without ascertaining their produce] and reduce them 

in furnaces totally unfitted for the purpose, without regard- 
ing the Losses which might besusts 1 ' If he became in- 
solvent it would excite no surprise, but, on the contrary, the 
public would most likely look upon his position as the in- 
evitable result of a defective and reprehensive mode of 

working. 

It will be admitted that mineral exploitations ol 

highly hazardous nature and that the risk of profit ought 
not be iner< id either by ignorance or carelessness. When 
ores are discovered, usually after the expenditure of much 
mone i i ertain amount ofproduotive and dead cost is in- 
curred before they can be rendered at the dressing 1 
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if, then, the least waste takes place, there is not only a loss 
per se, but the mine expenditure is augmented upon the 
lessened quantity ; hence, in no department of mining eco- 
nomics is it more essential to secure higher practical talent 
than in the dressing and management of vein stuff. The 
individual entrusted with this duty should be competent to 
assay the ores, have a knowledge of the losses resulting 
from their metallurgical treatment, and know approximately 
the cost of enriching them on the floors as well as of 
smelting them ; he will then conduct his operations so that 
the cost and loss in dressing will be less than the cost and 
loss in smelting. 

Some of the more friable ores, when simply exposed to 
the intiuence of water, exhibit a large mechanical loss — so 
much so, that it is considered oftentimes more profitable 
to put them to pile without attempting their enrichment. 
Now, it may be laid down as an axiom that water will 
always steal ore, and the longer it is exposed to its influ- 
ence and the morecomplicated the manipulation, the greater 
will be the loss incurred. In addition, the constitution of 
certain ores is so peculiar and delicate, that any attempt 
to concentrate them beyond a given standard, by varying 
the treatment, is seen to lead to an enormous loss, as will 

be apparent by inspecting the following memoranda of 
practical results. 

[A.) The ore operated upon was sulphide of lead, a— «>- 
ciated with finely disseminated iron pyrites, oxide of iron, 
quartz, and a small portion of clay slate. In each case the 
vein stuff assayed 17 per cent, of metal. 
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(B.) Took two parcels of argentiferous lead ore, associ- 
ated with carbonate of iron, a little quartz and blende. 
Weight 34;, tons, which assayed 42 per cent, for lead, and 
oz. of >ilvcr per ton of metal. Crushed and carefully 
elaborated the Bame through jigging and buddle apparatus, 
obtained 14'.,! tons of ore giving 54 per cent for lead, and 
22 ounces of silver per ton of metal. The produce for lead 
was therefore raised 1 li units at a loss of 19 per cent of 
the initial quantity of metal and l i ounces of silver. The 
commercial lose attending this operation, after making the 
several chat a and allowances incident to the metallurgi- 
cal reduction, was £91 14s. , or equal to 62 14s. per ton on 
the original weight. 

Additional instances ofheavj l< is incurred in the con- 
centrating process could be adduced if space permitted ; 
but it ui;i\ nut be unwise to direct special attention to tl 
great waste often connected with the manipulation of both 

tin and argentiferous ores. In the fi •■ it occurs chiefly 

from the oxide of tin being much diffused through bard 
vein stone, requiring severe mechanical treatment inorder 
to liberate it, whilst in the latter the silver (not (infre- 
quently combined hum hanicaliy), imperceptible to the eye, 
floating away when subjected to water and so subtle as to 
evade the most delicately devised apparatus. 

Tin- Loss accruing in one larg undertaking from tins 
source alone upon 1,100 tons of ore wa* l,026oun< 
silver, worth £880, or equal to the interest on 616,600 at 
the rate of 5 per cent, per annum. 

In order to determine the loss of metal which ma urise 
m enriching ores, accurate assays and notations should be 
made of the quantity of vein stuff lodged on the floors 
which should be compared with the metallic contents ren- 
dered merchantable, and the different stimated. 

It is not possible to ascertain tip due of an improi 
ment which would secure an additional one per cent, from 
the quantity of orey Btuff annuallj sent to surface from 
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the several names in the United Kingdom; but if it he- 
reckoned only upon the sale value, it would be scarcely 
less than £40,000 per annum. 

In determining the .site for a dressing floor, and in the 
mechanical arrangements, various points suggest them- 
selves ; since, if they were overlooked, much loss would 
ensue to the undertaking, or otherwise it is evident that 
they could only be corrected by involving the proprietary 
in an increased outlay as well as a greater current ex- 
penditure. The first consideration should be to secure an 
ample supply of water, with a good foil, and an extensive 
area of ground. With advantages of this nature the ma- 
chinery will be worked cheaply, the stuff gravitate through 
the various processes without returning to create double 
carriage expenses, whilst the castaways may be sent to 
tlie waste heaps at a minimum cost. The second point to 
be settled is the class of machinery to be employed. Thi^ 
must obviously be based upon the character which the 
ores may present. If massive and associated with light 
waste, simple apparatus will suffice; but if the ore be 
sparsely diffused among heavy vein stone, it is probable 
that the various apparatus will have to be constructed 
with great nicety, varied in their principles of action, 
and that much precaution will have to be observed in 
urder to create as little slime as possible, as well as to 
secure the initial quantity of ore against undue Loss. In 
the disposition of the machinery there is also considerable 
scope for practical intelligence; it is not enough to wash, 
crush, jig and huddle the ores, mixing the resulting amalls 
incongruously together: but a judicious .sorting should b. 
commenced at the wash kiln md upon this basis the 
various sizes kept distinct whilst passing through the 
washing floors. The dresser should always take care to 
keep the several ranges of mineral produees and de 
of finenew together. 






The following general deductions will be found servici 
able : — 

First. Absolut*' perfection in separation, according to 
specific gravity, cannot be arrived at, chiefly on account 

of the irregularity of form of the various grain- to 1 
operated up' >u. 

Second. The more finely divided the stuff to be t I 

the greater is the amount of labor and care required, and 
the more Imperfect will be the separation! 

Third. That reducing machine m;t\ be considered the 
most perfect which produces the least quantity <>f Btuff 

liner than that which it IS intended to produce. 

Fourth. It is necessary, in determining the degree of fine- 
ness to which a mineral should be reduced, to conaid< i 

the metallurgical value of the ore contained in it. and to 

set ae dust this the value of the Loss which will probably 
he incurred, together with the labor and expense att danf 

upon the manipulation. 

Fifth. The vein stuff should be reduced to such n degree 
of fineness, that the largest proportion of dead- and i lean 
ore should be obtained by the first operation, thus savii 
the labor and preventing the loss incident to a liner sub- 
division of the ore and more extended treatment 

Sixth. That apparatus or plan of dressing may be con- 
sidered the most efficient which, with Btuff of a given size, 
allows at an equal < - <>-t of the most perfect separation, and 
of the proper separation of stuff of nearly erpial specific 
gravity. 

The average percentage to which th< crop is to be 
brought, and the highest percentage to be allowed in the 

istawaya being determined, it is evident that the mo 
perfect the degree of separation, th eater will be the 
amount of crop and castaways obtained at each operation, 

id the quantity of middles or stuff to be re-worked will 
be diminished. 

Seventh. We in.iv further consider a- :i it improve- 






64 



ment in dressing operations such apparatus or plan of 
working as will allow, without a disproportionate increase in 
the cost, of the equally perfect separation of fine stuff as 
that of the coarser, as now practiced. This will be of 
especial benefit in the case of finely disseminated ore, which 
is necessarily obliged to be reduced to a great degree of 
fineness." 

[From Supplement to Vre*8 Dicl\ ry, 1873. J 






